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Analytical Method Development and Analytical Method Development and 
ValidationValidation

CBDA Grant Study Goal:CBDA Grant Study Goal:
Develop and validate sample extraction and Develop and validate sample extraction and 
analysis procedures that give accurate and analysis procedures that give accurate and 
reproducible results for environmentally relevant reproducible results for environmentally relevant 
concentrations of pyrethroid insecticides (home concentrations of pyrethroid insecticides (home 
and commercial use)and commercial use)
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Analytical Method Development and Analytical Method Development and 
ValidationValidation

MethodsMethods
Compatible with GC and HPLC analysesCompatible with GC and HPLC analyses
Applicable to water, colloids, sediment and biotaApplicable to water, colloids, sediment and biota
Applicable at environmentally relevant concentrationsApplicable at environmentally relevant concentrations
Amenable to automation for high sample throughputAmenable to automation for high sample throughput
Cost effectiveCost effective
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Analytical Method Development and Analytical Method Development and 
ValidationValidation

Development of Analytical MethodsDevelopment of Analytical Methods
Optimization (sensitivity and selectivity) of instrument Optimization (sensitivity and selectivity) of instrument 
methods used for analysis and confirmation (GCmethods used for analysis and confirmation (GC--
ECD, GCECD, GC--MS, LCMS, LC--MS, GCMS, GC--MS/MS and LCMS/MS and LC--MS/MS)MS/MS)
Isomer, Isomer, enantiomerenantiomer and stereoisomer identification and stereoisomer identification 
and stability (deltamethrin, tralomethrin)and stability (deltamethrin, tralomethrin)
Evaluation of water extraction methods (liqEvaluation of water extraction methods (liq--liq, SPE, liq, SPE, 
SPME)SPME)
Evaluation of sediment and tissue extraction  and Evaluation of sediment and tissue extraction  and 
matrix separation methods (PFE, GPC, Florisil)matrix separation methods (PFE, GPC, Florisil)
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METHODS FOR PYRETHROID ANALYSIS

SEDIMENT

ASE

TISSUE WATER

GPC

Liq/Liq

GC/ECD

Florisil Florisil 
(if needed)

GC/MS/MS
confirmation

ASE

GPC

Florisil
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Water Sample Extraction

Liquid-liquid Extraction
Sample Prep:  1 liter unfiltered water sampleSample Prep:  1 liter unfiltered water sample

2 liter separatory funnel2 liter separatory funnel
Surrogate/Spike solutionSurrogate/Spike solution

Solvent:  Methylene chloride (DCM), 120 mL (2x)Solvent:  Methylene chloride (DCM), 120 mL (2x)
Concentrate and solvent exchange:  Concentrate and solvent exchange:  

Evaporate using KEvaporate using K--D and µKD and µK--D (75D (75--80˚C80˚C),),
Exchange solvent with petroleum ether Exchange solvent with petroleum ether 

((~ ~ 50 mL, 3x) 50 mL, 3x) 
Reconstitute:  2 mL isoReconstitute:  2 mL iso--octaneoctane
Analysis:  GC/ECD and/or GC/MS/MSAnalysis:  GC/ECD and/or GC/MS/MS
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PyrethroidsPyrethroids in American River Waterin American River Water
Method Validation: Spike Level 2Method Validation: Spike Level 2--10 ng/L10 ng/L

102

96.2

101

106

101

103

88.1

% Recovery

Average

4.002.170.696.12Permethrin

4.001.610.511.93Lambda-cyhalothrin

4.001.730.552.02Es/Fenvalerate

4.001.610.512.12Deltamethrin

8.004.391.404.04Cypermethrin

12.06.882.194.13Cyfluthrin

2.000.980.311.76Bifenthrin

(ng/L)(ng/L)( n=8 )
Amount 

RecoveredPyrethroids by GC/ECD

RLMDL=t*Stdev
Standard
DeviationAverage
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Pressurized Fluid Extraction
Instrument:  Automated Dionex ASE 200 
ASE Conditions

Solvent:  Acetone/Dichloromethane (DCM) 50/50
Program: 100˚C, 1500 psi 

Sample Prep:  10 g homogenized sediment/tissue
7 g Hydromatrix®
33 mL pre-rinsed extractor cell
Surrogate/spike solution

Extract Collection: Two 60 mL VOA vials per sample 
Evaporate and solvent exchange:  K-D and µK-D (75-80˚C),
Exchange solvent with petroleum ether (~ 50 mL, 3x) 

Sediment/Tissue Sample Extraction
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Gel Permeation Chromatography
Instrument:  J2 Scientific AccuPrep 170, Autoinject 110

GPC Conditions
Solvent:  Dichloromethane (DCM)
Column:  60 x 2.5 cm
Column Packing:  65 g BioBeads, 200-400  mesh
Flow:  5 mL/min
Program: Dump-19 min, Collect-24 min, Rinse-10 min

Sample size:  10 mL DCM extract, 5 mL sample loop

Evaporate and solvent exchange:  K-D and µK-D (75˚C),
Exchange solvent with petroleum ether (~ 50 mL, 3 times) 

Extract Cleanup
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Florisil Column Fractionation

Column Prep: 25 g Preactivated Florisil (130ºC, 24   
hours) embedded between sodium sulfate with 
glass wool plug, 11 mm x 300 mm glass column

Reagents: 
0 % ethyl ether in petroleum ether (Fraction 1)

6 % ethyl ether in petroleum ether (Fraction 2)

15 % ethyl ether in petroleum ether (Fraction 3)
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Distribution of Pyrethroids Among 
Florisil Fractions

(0%) Fraction 1      (6%) Fraction 2     (15%) Fraction 3

Do Not Collect Bifenthrin Cyfluthrin
(PCBs and other       Permethrin Cypermethrin
pesticides) Es-fenvalerate

Lambda-cyhalothrin
other pyrethroids
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PyrethroidsPyrethroids in American River Sedimentin American River Sediment
Method Validation: Spike Level 5Method Validation: Spike Level 5--20 ng/g20 ng/g

99

104

107

62.0

108

108

106

% Recovery

Average

8.003.801.2716.2Permethrin

4.001.150.385.17Lambda-cyhalothrin

4.000.800.275.39Es/Fenvalerate

4.002.080.693.10Deltamethrin

4.002.440.8111.1Cypermethrin

4.002.550.8510.4Cyfluthrin

1.000.430.145.30Bifenthrin

(ng/g)(ng/g)(n=8)
Amount 

Recovered
Pyrethroids by 
GC/ECD

RLMDL=t*StdevSTDEVAverage
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Round Robin Sediment Results Round Robin Sediment Results 
Sample 1:  Results in TriplicateSample 1:  Results in Triplicate

NA80.279.678.482.6Dibromochlorendated

NA88.110678.679.2Dibromooctafluorobiphenyl

Surrogate (% Recovery)

2.2436.338.636.234.2Permethrin

0.083.723.633.743.80Lambda-Cyhalothrin

0.414.204.294.553.75Fenpropathrin*
0.1812.012.011.812.2Esfen/Fen-valerate

NANDNDNDNDDelta/Tralo-methrin

1.192.933.951.633.23Cypermethrin

0.662.272.761.532.54Cyfluthrin

2.1913.315.812.311.9Bifenthrin

dry wt
ppb (ng/g)

dry wt
ppb (ng/g)

dry wt
ppb (ng/g)

dry wt
ppb (ng/g)Pyrethroids by GC/ECD

SED PY 005SED PY 005SED PY 005SED PY 005SED PY 005Sample Identification
STDevAverageGC/ECD

*Estimated MDL 14

Round Robin Sediment Results Round Robin Sediment Results 
GC/ECD vs GC/MS/MS (TSQ) GC/ECD vs GC/MS/MS (TSQ) 

67.638.651.136.243.234.2Permethrin

4.863.634.173.743.203.80Lambda-Cyhalothrin

9.694.2910.404.558.053.75Fenpropathrin*

17.412.016.011.814.412.2Esfen/Fen-valerate

NDNDNDNDNDNDDelta/Tralo-methrin

6.913.953.071.632.563.23Cypermethrin

1.912.762.101.531.532.54Cyfluthrin

17.415.813.712.310.211.9Bifenthrin

GC/MS/MS 
(TSQ)

GC/ECDGC/MS/MS 
(TSQ)

GC/ECDGC/MS/MS 
(TSQ)

GC/ECD
Pyrethroid Pesticides

SED PY 005
dry wt. ppb (ng/g)

SED PY 005
dry wt. ppb (ng/g)

SED PY 005
dry wt. ppb (ng/g)

Sample Identification

*Estimated MDL
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Operating Parameters for Agilent 6890 Operating Parameters for Agilent 6890 
GC/ECDGC/ECD

Gases
Carrier: Helium, 1 mL/min; 
Makeup: Nitrogen, 1 mL/min

Columns
DB-5, 60 m x 0.25 mm I.D. x 0.25 µm film thickness
DB-17-MS, 60 m x 0.25 mm I.D. x 0.25 µm film thickness

Inlet:  Isothermal @ 240  ºC
Oven Program

Initial temperature: 80 ºC, hold for 1.00 min
Ramp 1: 15 deg/min, final temp 210ºC, hold time 10.00 min
Ramp 2:   2 deg/min, final temp 290ºC, hold time 14.00 min

Detectors:  63Ni µECD 
Temperature:    310 ºC
Combined Flow: 31 mL/min (column + make-up flow)
Injection Volume:3 µL
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GC/ECD ChromatogramsGC/ECD Chromatograms
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GCGC--ECD Calibration CurveECD Calibration Curve
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Correlation: 0.99946

Rel. Res%(3): 2.181
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Pyrethroid Confirmation by Pyrethroid Confirmation by 
GCGC--MSMS Operating ParametersMSMS Operating Parameters

Instrument: Instrument: Varian GCVarian GC--MSMS--Ion Trap Detector, Saturn 2000Ion Trap Detector, Saturn 2000

Carrier gas:Carrier gas: HeliumHelium

Column:  Column:  DB5MS, 30 m x 0.25 mm I.D. x 0.25 µm film thicknessDB5MS, 30 m x 0.25 mm I.D. x 0.25 µm film thickness
Varian 1078 Inlet:Varian 1078 Inlet: Isocratic temp @ 200 ºCIsocratic temp @ 200 ºC
Injection Volume:Injection Volume: 2 µL2 µL
Oven:Oven: Initial temperature:  80 ºCInitial temperature:  80 ºC Initial time:  1.00 minInitial time:  1.00 min

Ramp 1:   15.0 deg/min, final temp 210 ºC, hold time 10.00 minRamp 1:   15.0 deg/min, final temp 210 ºC, hold time 10.00 min
Ramp 2:     2.0 deg/min, final temp 280 ºC, hold time   0.50 mRamp 2:     2.0 deg/min, final temp 280 ºC, hold time   0.50 minin

MS-MS Operating Conditions
Trap Temperature:     Trap Temperature:     240 ºC240 ºC
Manifold Temperature:  Manifold Temperature:  80 ºC80 ºC
Transferline Temperature:  280 ºCTransferline Temperature:  280 ºC
Ionization mode:Ionization mode: EI AutoEI Auto
Ion preparation:Ion preparation: MS/MSMS/MS
Scan time:Scan time: 3µ scan/sec3µ scan/sec
Emission current:Emission current: 50 µAmps50 µAmps
Waveform type:Waveform type: NonNon--resonantresonant
Filament delay:Filament delay: 5 minute5 minute
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Confirmation by GCConfirmation by GC--MSMS MSMS 
Ion Trap Operating ParametersIon Trap Operating Parameters

MS-MS Conditions

9079.7141,15218118377Deltamethrin

7099.1125,16722522797Es-fenvalerate

7271.7127,16316316569Cypermethrin

6371.7127,16316316569Cyfluthrin

9080.5127,16318318578Permethrin

9079.7141,16118118377Lambda-cyhalothrin

8079.716618118377Bifenthrin

455481,9112312552Resmethrin

NANANANA169156Acenaphthene-d8 (IS)

Excitation
Amplitude

volts

Excitation 
Storage

m/z
Daughter 

Ion
Parent 

Ion
High
Mass

Low 
MassSegment description
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Confirmation by GCConfirmation by GC--MSMS MSMS 
TSQ Operating ParametersTSQ Operating Parameters

AnalyteAnalyte Q1Q1 Q3       Collision Energy (Q3       Collision Energy (--volts)volts)

BifenthrinBifenthrin 181181 166166 1515
LambdaLambda--cyhalothrincyhalothrin 181181 152152 2525
PermethrinPermethrin 183183 153+163153+163 1010
CyfluthrinCyfluthrin 163163 127127 1010
CypermethrinCypermethrin 163163 127127 1010
Es/Es/fenvaleratefenvalerate 167167 125125 1515
DeltamethrinDeltamethrin 181181 152152 2020
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Pyrethroid Mixed Standard TSQ MSPyrethroid Mixed Standard TSQ MS--MSMS
1.0 ppb1.0 ppb
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Round Robin Sediment ExtractRound Robin Sediment Extract
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Round Robin Sediment ExtractRound Robin Sediment Extract
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Round Robin Sediment ExtractRound Robin Sediment Extract
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PyrethroidPyrethroid Tissue ValidationTissue Validation
American River Hatchery Trout, Spike Level 4American River Hatchery Trout, Spike Level 4--16 ng/g16 ng/g

97.2

85.0

52.8

41.8

74.3

89.1

98.7

88.1

% Recovery

AVERAGE

6.002.230.7111.7Permethrin

4.001.340.433.40Fenpropathrin*

4.001.680.532.11Esfenvalerate 

2.000.600.191.67Deltamethrin

4.001.6600.535.94Cypermethrin

4.001.490.473.56Cyhalothrin-Lambda

6.002.720.8615.8Cyfluthrin

2.000.650.213.52Bifenthrin

Fresh Wt.  
ppb  

(ng/g)
Fresh Wt.  

ppb  (ng/g)
Amount

Recovered
Amount

Recovered
Pyrethroid
Pesticides

RLMDL=t*Stdev
STD DEV

(n=7)(n=7)AVERAGE

*Estimated MDL 26

Percent Recoveries of Synthetic
Pyrethroids in Fortified Water Samples
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PyrethroidPyrethroid Analytical StandardsAnalytical Standards
Difference in Isomer Ratio by ManufacturerDifference in Isomer Ratio by Manufacturer
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Pyrethroid Standards - AccuStandard - 1 ppm
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Additional Additional PyrethroidPyrethroid AnalytesAnalytes
Fortified American River WaterFortified American River Water

Spike Level: 20 ng/LSpike Level: 20 ng/L

11.110011298.390.0DBOB

Surrogate (%Rec)

6.4050.356.251.343.5Tralomethrin

2.00114116114112Tetramethin

4.0991.492.686.894.7Prallethrin

4.3690.595.588.587.5Phenothrin

2.6585.384.383.388.3Flucythrinate

5.8510510898.4109Allethrin

STD DEV
AVERAGE
% Recovery% Recovery% Recovery% Recovery

Pyrethroids
by GC/ECD

liq/liqliq/liqliq/liqExtraction MethodExtraction Method

AR 3AR 2AR 1
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Additional Additional PyrethroidPyrethroid AnalytesAnalytes
Fortified American River WaterFortified American River Water

Spike Level:  40 ng/LSpike Level:  40 ng/L

5.5088.985.386.195.2DBOB

Surrogate

4.3580.977.080.285.6Tralomethrin

7.55120119113128Tetramethin

5.86111109107118Prallethrin

1.8896.297.394.097.2Phenothrin

1.9791.088.891.892.5Flucythrinate

6.11106105101113Allethrin

STD DEV
AVERAGE
% Recovery% Recovery% Recovery% Recovery

Pyrethroids
by GC/ECD

SPE-AcidifiedSPE-AcidifiedSPE-Acidified
Extraction Extraction 
MethodMethod

AR 3AR 2AR 1
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Additional Additional PyrethroidPyrethroid AnalytesAnalytes
FortifiedFortified American River SedimentAmerican River Sediment

Spike Level:  4 ng/gSpike Level:  4 ng/g

14.0110100104126DBOB

Surrogate 
(%Rec)

1.4593.094.591.693.0Tralomethrin
10.7118127106120Tetramethin
11.0109103103122Prallethrin
13.092.677.799.2101Phenothrin
4.04109108105113Flucythrinate
12.7112110101126Allethrin

STD DEVAVERAGE
% Recovery% Recovery% Recovery% Recovery

Pyrethroids
by GC/ECD

ASEASEASE
Extraction Extraction 
MethodMethod

AR 3AR 2AR 1
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SummarySummary

Methods developed and validated for water,    Methods developed and validated for water,    
sediment and tissuesediment and tissue

Method of quantitation Method of quantitation -- total vs. isomerstotal vs. isomers

Method extends to other pyrethroids Method extends to other pyrethroids ––
allethrin, flucythrinate, phenothrin, prallethrin, allethrin, flucythrinate, phenothrin, prallethrin, 
tetramethin and tralomethrintetramethin and tralomethrin

GC/MS/MS (TSQ): Very sensitive GC/MS/MS (TSQ): Very sensitive –– at least 2 at least 2 –– 10 10 
times lower than GC/ECD; best tool to obtain times lower than GC/ECD; best tool to obtain 
lower reporting limit by reducing background  lower reporting limit by reducing background  
interferenceinterference
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Future Method DevelopmentFuture Method Development

Optimize GC/MS/MS analysis by using appropriate Optimize GC/MS/MS analysis by using appropriate 
internal standards and surrogatesinternal standards and surrogates

Complete validation of GCComplete validation of GC--MS/MSMS/MS--TSQ TSQ 

Complete validation of GCComplete validation of GC--MS/MSMS/MS--Ion TrapIon Trap

SPME Method Development using MS/MSSPME Method Development using MS/MS

Investigate LCInvestigate LC--MS and LCMS and LC--MS/MS MS/MS 


